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Pesticides, Risk, and Applesance

The tremendous ateention in the media
die prowti-regulator Alar raises importane
issues about dic nation”s efforss to prevent
human cancer by regularing chemicals that
arc carcinogenic in animal studics Leslie
Raoberts, in her Research News articles “Pes-
ticides and kids™ (10 Mar., p 1280 and *Is
risk asscssment conszrvadve?* (24 Mar, p.
1553}, did not address several poines thae
we think are important for purdng possible
risks in perspective

1} Putitides, 99 99% all naneal . Although
repulatory efforts are focused on identifying
and controlling syntherie chemicals that are
estimated to pose a possible carcinogenic
risk to socicry greater than one in 2 million
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(such as Alar), we are inpestng about
10,000 rimes more naturl than synthetic
pesticides () Al plants produce roxing
protece thernselves against fungi, inseets,
and predators such as man (2, 3). Teos of
thousands of these narural pesticides have
been discovered, and every specics of planc
contains is own scr of different toxins,
usually a few dozen When plints are
stressed or damaged, such as dering a pese
attack, they increase their natural pesticide
fevels manyfold, occesionally to fevels thas
are acutely toxic to humans (1) Very few of
these plant toxins have been tested in animal
cancer bioassays, bue among those tested,
about hatf (20/42) ace carcinopenic (4, 5)

It ix probable thar almost cvery plant
praduct in the supermarker contains natral
carcinopens. The following foods contain
natural pesticides that cause cancer in rats or
mice and are present at fevels mnging from s
few parrs per billion to 4 million pasts per
billion (ppb) (3, 4): anise, apples, bananas,
basil, broceoli, Drussels sprouts, cabbage,
cantaloupe, camats, cauliflower, celery, cin-
naman, cloves, cocon, comfrey tea, {ennd,
grapefiraie juice, honcydew melon, horscrad-
ish, kale, mushrooms, mustard, nutmeg, or-
anpe juice, parsley, parsnips, peaches, black
pepper, pincapples, radishes, raspberries,
rarragon, and turnips Of the pestcides we
cat, 99 999% arc all marural, and, Jike man-
made pescicides, most are relatively new to
the modern diet because of the exchange of
phnt foods among the Americas, Europe,
Asin, and Afrien within the lasc 1000 years
It is reassuring, however, that the many
layers of genemi defenses in humans and
other animals {1, 6, 7) protect against toxins,
without distinguishing whether they arc
synthetic or namral

2} Tradeoff In response to fears aboue
residucs of man-made pesteides, planc
breeders are active in developing varicries
that are maturally pest-resistant Such varie-
rics copmin increased amounts of natural
pesticides It should be no surprise, then,
that a mewly introduced variery of inseer
resistant potato had to be withdrawn from
the marker, due to acute wxiciy to humans
caused by much higher levels of the terate-
gens sofanine and chaconine than are nor-
mally present in potatocs {8) Similarly, a
now variety of inscee-resistne celery secently
inredyuced widely in the United States is
eausing outbreaks of dermatids in produce
workers due to a conceneration of the car-
cinogen  8-methoxypsoralen (ond  related
psoralens) of %000 ppb, rather than the
nuual 900 ppb (9) Many more such cases
arc likely to crop up Thus, there is a fundar
mental trade-off berween naruse's pesticides
and mun-made pesticides. The Enviromnen-
tal Prozection Agency (EPAY has smier regu-
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Istory requirements for new synchetic pest-
cides and 5 steadily weeding our ofd sub-
stances such as Afar thar are thought to pose
a significant hazard; however, natural pesti-
cides are almost completcly neglected. Nam-
raf pesticides that are possibly hazardous to
humans could easily be decreased by plant
Lreeding

Given the backpround of human expo-
sures Yo natural carcinogens (1-7), the find-
ing that about half the chemicals tested in
todents (whether syathetic or natural) arc
carcinopenic (1, 5), and the difficulties in
risk assessment (discussed below), we have
ranked possible hazards on a HERP indes
(daily Human Exposurc dose/ Rodent Poten-
oy dose, as a pereent} in order to achieve
some perspective on human exposare to the
plethara of carcinogens (1} Cur ranXing
suggests that earcinogenic hazards from cor-
rent levels of pesticide residues or water
pollution are lkely ro be minimal refadve to
the background levels of natural substances

To put Alar in perspective, we estimate
that the passible hazard from UDMH (the
carcinogenic breakdown product of Alar) in
a daily liferime glss (6 ounces) of apple
juice is HERP = 0 0017% (40} This possi-
ble hazard is less than that from the natural
carcinogenic hydrazines consumed in onc
daily mushroom (HERP = 01%) (1} or
that from affatoxin in a daily peanur buster
sandwich (HERP = G 03%) (7} It is also
less than ather possible hazasds from natural
carcinogens in food, although few have
been tested. These include 8-methoxypsora-
ken in a daily portion (100 grams) of celery
{3, 11}, allyt isothiocyanate in a daily portion
of cabbage or Brussels sprowuts (3, 12), and
alcohol in a daily glass of orange juice (13)
The possible hazard of UDMH in s daily
appic is 1/10 thar of a daily plass of apple
juice Other HERT comparisons are shown
in (1) Apple juitc has bren repormed to
contain 137 natural volatile chemicals (14),
of which only five have been tested for
carcinogenicity (5); three of these—benzyl
acetare, alcohol, and  aceraldehyde—have
been found to be carcinogenic

The EPA has proposed cancellation hiear-
ings on Alar, and the Namral Resources
Drefense Council (NRIC) is wrying to speed
this process wp by a ycar or two The trade-
offs must be considered in cfforts m prevent
bypothctical carcinogenic risks of 107 or
1073, because the results could be counter-
produetive if the risks of the alternatives are
worse What risks might we incur by ban-
ning Alar? Alar is o growth regulater that
delays sipening of apples so that they do not
drop premarurely, and it also delays over-
ripening in storage. Alar plays a role in
reducing pesticide use for some types of
apples, particutarly in the Mortheast (15)

For cxample, without Alar, the danger af
fruit fall from leafminers is greaser, and
more pesticides are reguired [ conwal
them. Also, when apples fall prematurely,
pests on the apples remain in the orchard to
artack the crop the next summer, and more
pesteides must be used. Since Alar produces
fimmer apples, and results in fower falling o
the pround, treated fruit may be less suscep-
tible to molds Therefore, it is possible that
the amounts and variety of mold toxins
present in apple juice, for example, patulin
{16), will be higher in juicc made from
wntreaved apples The carcinopeniciey of pa-
vulin has nor been adeguately cxamined
{i7) The EPA should, as NRDC empha-
sizes, also take into consideration that chil-
dren consume large amounts of apple juice

Another trade-off is thar fewer domesdcally
grown, fresh apples would be available
thraughout the year, and the price would be
higher; thus, consurners might substnute
fess hiealthy foods

3) Risk assessment Currently, neicher the-
ory nor experimenta) evideniee is adequate to
muide scientists in extrapolating from radent
cancer tests at the maximum rolerated dose
(MTD) to human exposures that are thou-
sands or millions of dmes fower. Therefore,
for prudence’s sake, fedeeal regulatory agen-
cies rouzinely moke worst-case assumptions
1w estimate the upper limic on risk for low
dases; however, the real risks at low doses
may well be zero Conventional risk assss-
ments at the low levels of human exposure
thus are really quite specalative (1) and
should not be vicwed as if they were rcal
risks Accumularing scicntific evidence (1, 6,
7, 18) suggests that chemicals administered
in animal cancer tests at the MIID arc caus-
ing cancer in quicscent tissues primarily by
increasing ccll proliferation, an essential a5
peer of carcinogenesis for both mutagens
and nonmutagens Becouse  endogenious
rates of DNA datnage are enormous (6), cell
proliferation alonc is likely to be rumorigen-
ic Cell proliferarion convers DNA adducts
{cither spontantous br exogeRous) 10 mu-
tions or to cpimutadons {such as loss of -
methylC)  and  cxposes  single-stranded
DRA, & much more sensidve targer for
mutagens. It also alfows muant cclls to
wseape from growth inhibiton signals com-
ing, from surrounding eclls (1, §, 7).

If animal cancer tests arc pritsarily mea-
suring cell profiferation, then the dose-re-
sponse curve should fall off sharply with
dose, even for murgens [as with diethylni-
trosamine {18)] and should have a threshold
for nonmueagens Thus, the hazards at low
doses coutd bE minimal Furthermore, hu-
smans have numerons inducible defense sys-
terns against mutagenic carcinogens, such as
DNA repair, antioxidant defenses, gluradhi-
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one tansferases, and so forth, which may
make Jow doscs of mutagens protecdve in
some circumstances  Even radiation—the
classical DNA-damaging agent and carcino-
gen—may be protective in small doses
against DNA damage at higher doses, as
shown by recent work in human cells (79)
Also, recent mdiation cxperiments in mice
show a dose theeshold for the larency of
mumer appearance (20). Thus, low doses of
carcinogens appear 1o be both much more
common and less hazardous than is generl-
Iy thought These scientific questions about
mechanisms of carcinogenesis and the pre-
ventable cawses of human cancer, in any
case, arc being resolved by the scicntdfic
community as quickly as resources allow

Regulaton of low-dose cxposures (0

chernicals based on animal cancer tests may
rot result in significant reduction of human
cancer, becavse we are exposed to millioas
of different chemicals—almost alt natural
and it is not feasible to st all of them Most
exposures, with the exception of some occu-
pational, medical, or natural pesticide expo-
sures, arc at fow doses The sclecdon of
chernicals to test, 1 critical issve, should
reflect humnan exposures that are ae high
doscs relative 1o their toxie doses and the
numbers of people exposed Epidemiology
has been reasonably suceessful in idensifying
risk Ferors for human cancer, such as smaok-
ing, hormonal and diceary imbalances, as-
bestos, and scveral occupational demicals;
the data supgest tha pesticide residucs are
unlikely 1o be a significant eisk factor (f, 21)

Epidemiclogy, with molecular approaches,
is becoming more sophisdeated and will
continue to be our main ool in analyzing
causes of cancer In order to minimize can-
cer and the other degencrative discases of
aging {which are associared with our con-
stantly increasing fift expectancy (6, 7)), we
need 1o obuain che knowledge that will come
from fusrther basic scientific research
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